In this paper, we propose a novel approach, which is called as nonnegative matrix factorization (NMF) 
Introduction
DNA microarray technology can provide a broad picture of the state of the cell, by monitoring the expression level of thousands of genes at the same time [1 -2] . Analysis of these new data requires mathematical tools that are adaptable to the large quanties of data, while reducing the complexity of the data to make them comprehensible. So far, some signal processing approaches such as singular value decomposition (SVD/PCA) and independent component analysis (ICA) have been proposed to analyze genome -wide expression data [3 -5] .
However, these two methods require pre-processing of the micro-array data.
Although normalization and transformation can reduce noise in micro-array experiments, it is possible for more noise and artifacts to appear in the data as a result of pre-processing. One of NMF advantages is that it can directly process these data without normalization, which make the analysis results more confident. Here we propose that the NMF approach is employed to analyze micro-array expression data. The uses of NMF in gene expression pattern extraction are explored. The design and implement of the optimal NMF algorithm are described. To verify the efficiency of the approach, NMF is employed to analyze (i) a set of synthetic micro-array data with known characteristic patterns and (ii) two biological datasets that have cell cycle-regulated genes. We found that NMF is a powerful technique for expression pattern extraction from gene expression profiles.
Method
The equation for non -negative matrix factorization of is the following: We design an optimal algorithm for NMF approach. Compared with the existing NMF algorithms, our algorithm is more stable and converges very fast. We have coded the final algorithm in highly optimized C.
Results
Some simulation experiments are made in order to verify the efficiency of NMF algorithm. In simulations, NMF is employed to analyze a set of synthetic microarray data with known characteristic patterns and two biological datasets that have been processed by SVD approach and are thus thought to be gold standards. Here the results for the -factor dataset with 6108 genes are given as an example. The characteristic patterns extracted from the -factor dataset are shown in Fig.1 , where eigengene 1 fits an exponent function, primarily resembling a steady decay, eigengene 2 shows an increasing sharply and decreasing slowly expression, superimposed on expression oscillation during the cell cycle, eigengene 3 and 4 fits non -normalized sine and cosine function of period T 67 min respectively. We infer they represent cell cycle -regulated transcript patterns.
Conclusions
The simulation experiments show that NMF performs very well for the above datasets and is robustness under high noisy level. We found that, like SVD, an important ability distinguishing NMF and related methods from other analysis methods is the capability to detect weak signals in the data. Even when the structure of the data does not allow separation of data points, causing clustering algorithms to fail, NMF can extract biologically meaningful patterns. Obviously, these interesting expression patterns are helpful to investigate the related biologically problems further.
Finally, our conclusions are that NMF can be used as a powerful tool to extract the biologically meaningful expression patterns from genomic -wide expression data. 
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